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Introduction {#sec001}
============

Resistin, first identified as an adipokine in mice with insulin resistance properties \[[@pone.0235546.ref001]\], is a member of the resistin-like molecule (RELM) family. To date, four rodent and two human isoforms of this family have been discovered \[[@pone.0235546.ref002]--[@pone.0235546.ref005]\]. Members of the RELM family are pleiotropic cytokines that are involved in a variety of diseases and have distinct tissue distribution \[[@pone.0235546.ref006]\]. Adipocytes are the main source of rodent resistin \[[@pone.0235546.ref001], [@pone.0235546.ref007]\], but mature human adipocytes were reported to lack resistin expression \[[@pone.0235546.ref008]\]. Under normal conditions, human resistin (hResistin) mRNA (hRETN) expression is seen predominantly in immune cells, including bone marrow cells, monocytes, and leukocytes \[[@pone.0235546.ref009]\]. Thus, hResistin is more related to the mouse RELMα, which is a marker of alternatively activated (M2) macrophages \[[@pone.0235546.ref010]\] and expressed predominantly in lung, bone marrow, and spleen \[[@pone.0235546.ref004], [@pone.0235546.ref005], [@pone.0235546.ref011], [@pone.0235546.ref012]\]. Intriguingly similarity between rodent RELMα and hResistin is not limited to their tissue and cellular sources, but also their proinflammatory and pro-proliferative functions \[[@pone.0235546.ref002], [@pone.0235546.ref013]\]. Based on data from our lab and others, hResistin and rodent RELMα have potent mitogenic, angiogenic, vasoconstrictive, and chemokine effects in lung tissue \[[@pone.0235546.ref002], [@pone.0235546.ref014], [@pone.0235546.ref015]\], contributing etiologically to the development of pulmonary arterial hypertension (PAH) \[[@pone.0235546.ref013], [@pone.0235546.ref016]--[@pone.0235546.ref018]\]. The proinflammatory properties of hResistin, and its potential to be used as a biomarker and therapeutic target of human PAH and other related cardiovascular inflammatory diseases have been widely studied. However, the literature lacks a systematic evaluation of the protein's expression and localization.

Therefore, we comprehensively mapped hResistin expression---and its potential production site(s)---in healthy human tissues. An expansive description of the spatial distribution of this human mediator in normal tissues could provide a framework for understanding its function in normal human cell biology and tissue homeostasis. Such information could also be used to understand how hResistin expression may be altered in human pathology, especially in cardiovascular disorders.

Given the complexity of obtaining an appropriate antibody for labeling the RELM members \[[@pone.0235546.ref006]\], we recently developed an anti-hResistin monoclonal antibody with functional blocking activities \[[@pone.0235546.ref019]\]. Using this newly developed antibody, we also established an immunohistochemical staining procedure for documenting the expression pattern of hResistin in healthy human tissues. The goal of this study was to validate our antibody as a tool for immunolabeling hResistin in disease samples. Because our anti-hResistin antibody was also developed as a therapeutic drug for the treatment of vascular inflammatory diseases, this current tissue cross-reactivity study will address the human relevance for toxicity and safety testing.

Materials and methods {#sec002}
=====================

Production of recombinant hResistin protein {#sec003}
-------------------------------------------

We produced hResistin in a eukaryotic cell line \[[@pone.0235546.ref006]\]. Briefly, the pcDNA5/FRT/TOPO TA vector containing C-terminal FLAG-tagged hResistin cDNA was integrated into the genome of the Flp-In™ T-REx™ 293 cell line in a Flp recombinase-dependent manner (Invitrogen, Carlsbad, CA). Production of recombinant (r) hResistin in T-REx 293 cells was induced by 1 μg/mL tetracycline. hResistin protein then was purified from the cell culture medium by anti-FLAG M2 antibody agarose (Sigma, St. Louis, MO) column chromatography. To determine the purity of eluted hResistin proteins, SDS-PAGE were employed using 4--20% Criterio Tris-HCl protein gel (\#3450033, Bio-Rad, Hercules, CA) and Coomassie (\#1610436, Bio-Rad) staining. We then stimulated 3T3-L1 embryonic fibroblasts (ATCC® CL-173™, ATCC, Manassas, VA) with hResistin at different doses for 10 minutes and lysed the cells with Laemmli sample buffer. We analyzed the cell lysates by immunoblotting with anti-phospho-Akt \[[@pone.0235546.ref002], [@pone.0235546.ref018], [@pone.0235546.ref020]\] (\#4060, Cell Signaling Technology, Danvers, MA) and anti-GAPDH (G8795, Sigma-Aldrich) to determine the activity of the purified hResistin. Western blot analysis was performed as previously described \[[@pone.0235546.ref018]\]. The Trans-Blot Turbo Nitrocellulose Transfer Kit (\#1704271, Bia-Rad) were used and protein bands were visualized by chemiluminescence (ECL; RPN2106, GE Healthcare, Marlborough, MA).

Anti-hResistin antibody development {#sec004}
-----------------------------------

Anti-hResistin antibodies were developed in cooperation with our commercial partners, Creative Biolabs (Shirley, NY) and Lonza (London, England). Antibodies were identified through a phage display approach with several human antibody libraries. Screening steps included (1) searching the phage display human scFv library, (2) ELISA and BIACORE (GE Healthcare, Pittsburgh, PA) plasmon resonance assays to determine potency and selectivity, and (3) *in silico* evaluation for immunogenicity predictions. We used an *in vitro* human smooth muscle cell proliferation bioassay to test and rank antibody function \[[@pone.0235546.ref019]\].

Sample collection and analysis {#sec005}
------------------------------

Tissues collected as surgical or autopsy specimens from humans were obtained from three principal suppliers including Cooperative Human Tissue Network (Charlottesville, VA), National Disease Research Interchange (Philadelphia, PA), and Cureline (South San Francisco, CA). The Institutional Review Board (IRB) responsibility for the use of human tissues for tissue cross-reactivity studies devolved to these suppliers, which have their own IRB protocols. Additionally, the IRB acknowledged that in addition to its own governance, the conditions for the receipt of these human tissues were in accordance with the US Department of Health and Human Services regulations for the protection of human subjects (45 CFR Part 46). Before the start of this research, we obtained Ethics Committee approval for the use of human tissues in tissue cross-reactivity studies. Documentation of informed consent was required by this statement. Thus, informed consent was documented by the use of a written consent form approved by the IRB and was signed by the subject or the subject\'s legally authorized representative. A copy was given to the signatory of the form. Unfixed tissues as received from the suppliers were considered essentially normal. Documents indicating tissue source and any other pertinent information provided by the tissue suppliers are maintained at Charles River Laboratories (Frederick, MD).

Samples from at least three separate donors were evaluated. The tissue panel ([Table 1](#pone.0235546.t001){ref-type="table"}) used as the test system included all of the tissues on the \"suggested list of human tissues to be used for immunohistochemical or cytochemical investigations of cross reactivity of monoclonal antibodies\" in Annex I of the European Medicines Agency (EMA) document Guideline on Development, Production, Characterization and Specifications for Monoclonal Antibodies and Related Products, adopted by the Committee for Medicinal Products for Human Use. It also included all of the tissues recommended in the Food and Drug Administration's (FDA), Center for Biologics Evaluation and Research document, Points to Consider in the Manufacture and Testing of Monoclonal Antibody Products for Human Use.

10.1371/journal.pone.0235546.t001

###### Normal adult human tissue panel.

![](pone.0235546.t001){#pone.0235546.t001g}

  -------------------------------------------------------------------- ----------------------------- ----------------------------
  Adrenal gland                                                        Heart                         Salivary gland
  Bladder (urinary)                                                    Kidney (glomerulus, tubule)   Skin
  Blood cells [^a^](#t001fn001){ref-type="table-fn"}                   Liver                         Spinal cord
  Blood vessels (endothelium) [^b^](#t001fn002){ref-type="table-fn"}   Lung                          Spleen
  Bone marrow                                                          Lymph node                    Striated muscle (skeletal)
  Brain--cerebellum                                                    Ovary                         Testis
  Brain--cerebrum (cerebral cortex)                                    Pancreas                      Thymus
  Breast                                                               Parathyroid                   Thyroid
  Colon (large intestine)                                              Peripheral nerve              Tonsil
  Eye                                                                  Pituitary gland               Ureter
  Fallopian tube                                                       Placenta                      Uterus--cervix
  Gastrointestinal tract [^c^](#t001fn003){ref-type="table-fn"}        Prostate                      Uterus--endometrium
  -------------------------------------------------------------------- ----------------------------- ----------------------------

^a^Evaluated from peripheral blood smears.

^b^Evaluated from all tissues where present.

^c^Includes esophagus, small intestine, and stomach (including underlying smooth muscle).

Tissue sectioning and fixation {#sec006}
------------------------------

Fresh, unfixed tissue samples were previously obtained and placed into molds, filled with Tissue-Tek® OCT Compound (Sakura Finetek USA, Inc., Torrance, CA), and frozen at -85 to -70°C until sectioning. Sections were cut at 5 μm and fixed in acetone for 10 minutes at room temperature. Just prior to staining, the slides were fixed in 10% neutral-buffered formalin for 10 seconds at room temperature. Human blood smears were frozen until fixation and staining.

Control samples {#sec007}
---------------

As positive control samples, we used rhResistin-FLAG UV-resin spot slides, which were produced from lab-made protein as described above. Controls were designated as hResistin-FLAG. For negative control samples, we used human hypercalcemia of malignancy peptide, amino acid residues 1--34, UV-resin spot slides. This protein was purchased from Sigma-Aldrich and designated as PTHrP 1-34. Control slides were prepared according to testing facility (Charles River Laboratories) standard operating procedures.

Antibody concentration selection {#sec008}
--------------------------------

To optimize the concentration of the test (anti-hResistin) and control (human IgG1) antibodies for staining, we evaluated multiple concentrations of anti-hResistin IgG between 0.5 and 20 μg/mL. Anti-hResistin antibody stained the positive control rhResistin-FLAG spots at all concentrations examined, although the intensity was reduced at concentrations below 5 μg/mL. The optimal concentration was considered to be the lowest concentration to produce the maximum/plateau binding to the target antigens, or 5 μg/mL. We also chose to study a concentration of hResistin IgG 4× over the optimal concentration, or 20 μg/mL ([Table 2](#pone.0235546.t002){ref-type="table"}), because it was the highest concentration that did not yield nonspecific staining of control samples or test tissues.

10.1371/journal.pone.0235546.t002

###### Slide set for each tissue sample.
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  Slide \#   Reagent                          Study scheme                                 Supplier
  ---------- -------------------------------- -------------------------------------------- ----------------------------
  **1**      hResistin IgG, 20 μg/mL          Test article (4X optimal concentration)      Dr. Johns' lab
  **2**      hResistin IgG, 5 μg/mL           Test article (optimal concentration)         Dr. Johns' lab
  **3**      Human IgG1, 20 μg/mL             Control article (4X optimal concentration)   Millipore (Cat. AG502)
  **4**      Human IgG1, 5 μg/mL              Control article (optimal concentration)      Millipore (Cat. AG502)
  **5**      Assay control, 0 μg/mL           Omit primary antibody                        \-\--
  **6**      Anti-β2-microglobulin, 1 μg/mL   Tissue staining control                      Charles River Laboratories

Immune staining procedure {#sec009}
-------------------------

We used modifications of the methods of Tuson et al. \[[@pone.0235546.ref021]\], Fung et al. \[[@pone.0235546.ref022]\], and Hierck et al. \[[@pone.0235546.ref023]\] for immunohistochemistry to simultaneously eliminate the biotin, peroxidase, and fluorescein of the primary antibodies and to preclude nonspecific reactivity between the secondary labeled anti-human IgG and IgG endogenous to the tissues examined. In this method, the labeled secondary antibody was allowed to attach specifically to the unlabeled test or control primary antibody by overnight incubation before it was applied to the tissue cryosections. The test or control antibodies were mixed with biotinylated F(ab')2 donkey anti-human IgG, Fcγ fragment-specific (DkαHuIgG) antibody at concentrations which achieved a primary:secondary antibody ratio of 1:1.5 on the day prior to staining. Thus, the higher concentration of test or control antibody was pre-complexed with 30 μg/mL of biotinylated DkαHuIgG, whereas the lower concentration of test or control article was pre-complexed with 7.5 μg/mL of biotinylated DkαHuIgG. Pre-complexed antibodies were incubated overnight at 4°C. Before using the antibody on the subsequent day, we added human gamma globulins to each vial to achieve a final concentration of either 6 mg/mL (higher concentration of secondary antibody) or 1.5 mg/mL (lower concentration of secondary antibody), and antibodies were incubated for 2 hours at 4°C.

The ABC approach was used for staining. Slides were incubated with avidin solution and then biotin solution before being blocked with a solution of 1% bovine serum albumin (BSA) + 0.5% casein + 5% normal donkey serum + 100 μg/mL ssDNA. After that, the pre-complexed primary and secondary antibodies were applied to the slides for 2 hours. Next, endogenous peroxidase was quenched by Dako peroxidase block for 5 minutes. The slides were then treated with the ABC Elite reagent for 30 minutes, followed by DAB staining for 4 minutes. All slides were rinsed with tap water, counterstained, dehydrated, and mounted. Tris-buffered saline (TBS) was used as the washing buffer, and TBS + 1% BSA served as the diluent for all antibodies and ABC reagent.

Anti-β2-microglobulin staining procedure {#sec010}
----------------------------------------

We performed β2-microglobulin immunohistochemistry staining of all human tissue sections to determine the adequacy of tissue samples for evaluation. The rationale was to show that the human tissue cryosections express epitopes that can be detected by immunolabeling and thus to indicate overall suitability of the tissue for study. Tissues were fixed in acetone for 10 minutes. Just prior to staining, the slides were fixed in 10% neutral-buffered formalin for 10 seconds. Fixed cryosections underwent endogenous peroxidase quenching and blocking as described above. Then, anti-β2-microglobulin antibody was applied to the slides at 1 μg/mL for 1 hour, followed by biotinylated secondary antibody (goat anti-rabbit IgG) for 30 minutes. Finally, the sections underwent ABC reagent incubation, DAB staining, counterstaining, and mounting as stated above. Phosphate-buffered saline (PBS) was used as the washing buffer and PBS + 1% BSA served as the diluent for all antibodies and the ABC Elite reagent. All steps were conducted at room temperature.

Immunopathology evaluation {#sec011}
--------------------------

For each sample, six concurrent slides (as shown in [Table 2](#pone.0235546.t002){ref-type="table"}), including hResistin antibody-stained slides and controls, were evaluated. Each slide was examined for the presence of stained cell types or tissue elements. Each stained cell type or tissue element was identified, the subcellular/extracellular location of the staining was recorded, and the intensity of staining was assigned for each slide. We also assigned a frequency for each cell type to provide the approximate percentage of cells of that type or tissue element that were stained.

The staining intensity and frequency scales used for the evaluation of hResistin expression are listed in [Table 3](#pone.0235546.t003){ref-type="table"} and [Table 4](#pone.0235546.t004){ref-type="table"}, respectively. To measure the percentage of cells and areas positively stained by IHC, we set up the scales in [Table 4](#pone.0235546.t004){ref-type="table"} based on literature-reported IHC quantitative approaches \[[@pone.0235546.ref024]--[@pone.0235546.ref028]\] and resistin biology, including its secretory properties \[[@pone.0235546.ref006], [@pone.0235546.ref010], [@pone.0235546.ref029], [@pone.0235546.ref030]\]. The immunopathology was carried out in accordance with Good Laboratory Practice (GLP) regulations for nonclinical laboratory studies. The complete immunopathology evaluation that was used to determine cross reactivity of the generated anti-hResistin antibody with normal human tissues is available in [S1 Table](#pone.0235546.s001){ref-type="supplementary-material"} online.

10.1371/journal.pone.0235546.t003

###### Staining intensity scale.
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  Score     Results
  --------- -------------------------------
  **Neg**   Negative (no stained cells)
  **±**     Equivocal (very faint stain)
  **1+**    Weak (light stain)
  **2+**    Moderate (light-medium stain)
  **3+**    Strong (medium stain)
  **4+**    Intense (dark stain)

10.1371/journal.pone.0235546.t004

###### Criteria for evaluating staining frequency.

![](pone.0235546.t004){#pone.0235546.t004g}

  Score                        Percent of stained cells of a particular cell type or tissue element
  ---------------------------- ----------------------------------------------------------------------
  **Neg**                      Negative (no stained cells)
  **Very rare**                \< 1%
  **Rare**                     1--5%
  **Rare to occasional**       \>5--25%
  **Occasional**               \>25--50%
  **Occasional to frequent**   \>50--75%
  **Frequent**                 \>75--100%

Results {#sec012}
=======

Recombinant hResistin protein and anti-hResistin antibody {#sec013}
---------------------------------------------------------

SDS-PAGE analysis showed that the rhResistin protein was highly purified ([Fig 1A](#pone.0235546.g001){ref-type="fig"}) and was able to induce Akt phosphorylation in 3T3-L1 fibroblasts *in vitro* ([Fig 1B](#pone.0235546.g001){ref-type="fig"}). Among several shortlisted antibody candidates, we chose the one that most potently blocked the pro-proliferative activities of hResistin in the human smooth muscle cell assay \[[@pone.0235546.ref019]\]. Data on the identity, strength, purity, and composition for this selected anti-hResistin antibody are shown in [Fig 1C and 1D](#pone.0235546.g001){ref-type="fig"}. We validated use of this antibody for histologic detection of hResistin protein in human tissues.

![Purity of the generated hResistin protein and anti-hResistin antibody.\
(**A**) Coomassie-stained gel shows SDS-PAGE analysis of purified rhResistin protein. (**B**) Western blotting shows that the purified hResistin protein dose-dependently induced phosphorylation of Akt in the 3T3-L1 fibroblast cell line. (**C**) Purity of the anti-hResistin antibody and the control human IgG1 were analyzed by SDS-PAGE. (**D**) Size exclusion high-performance liquid chromatogram for the anti-hResistin antibody. Ab, antibody; Con, control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; hResistin, human resistin; p-Akt, phosphorylated Akt.](pone.0235546.g001){#pone.0235546.g001}

Positive, negative, and tissue staining controls {#sec014}
------------------------------------------------

The results of positive control and negative control samples are summarized in [Table 5](#pone.0235546.t005){ref-type="table"}, and representative images of stained tissue are shown in [Fig 2](#pone.0235546.g002){ref-type="fig"}. hResistin IgG produced weak to strong staining of the positive control, rhResistin-FLAG, at concentrations of 5 and 20 μg/mL. hResistin IgG did not specifically react with the negative control, PTHrP 1--34, at either staining concentration. The control human IgG1 did not specifically react with either the positive or negative control materials. There also was no staining of the assay control slides. The assay was specific and reproducible, as indicated by the specific reactions of hResistin IgG in all staining runs with the positive control slides, the lack of specific reactivity with the negative control slides, and the lack of reactivity of the control human IgG1. The β2-microglobulin antigen is a minor Class I determinant expressed on many cell types and is strongly expressed on endothelium. Thus, we stained separate cryosections from each human test tissue in parallel for the expression of human β2-microglobulin (a relatively ubiquitous epitope) using a polyclonal rabbit antibody directed against human β2-microglobulin. All evaluated human tissues stained positive for β2-microglobulin ([S1 Table](#pone.0235546.s001){ref-type="supplementary-material"}). This finding indicates that the cryosections of human test tissues express epitopes that can be detected by immunohistochemical staining and that the tissue is suitable for inclusion in the cross-reactivity study.

![Representative images of immunohistochemically stained positive and negative control samples.\
(**A**) Left: positive control rhResistin protein spots stained with 5 μg/mL anti-hResistin antibody (Ab). Weak to strong test antibody staining of proteinaceous material coincident with spotted positive control rhResistin is visible. Right: no staining was apparent when hResistin protein spots were stained with 5 μg/mL control (Con) human IgG1. (**B**) Left: Negative control PTHrP 1--34 protein spots stained with 5 μg/mL anti-hResistin antibody. No specific staining is apparent. Air bubbles and minor nonspecific staining at edge of dried material are noted. Right: PTHrP 1--34 protein spots stained with 5 μg/mL human IgG1. Control antibody staining is absent. Magnification: 100×.](pone.0235546.g002){#pone.0235546.g002}

10.1371/journal.pone.0235546.t005

###### Immunohistochemical analysis of the positive and negative control tissue samples.

![](pone.0235546.t005){#pone.0235546.t005g}

  Anti-hResistin IgG                             Control human IgG1          
  ---------------------------------------------- -------------------- ------ -----
  FLAG UV-resin spot (positive control)          1--3+                100%   Neg
  PTHrP 1--34 UV-resin spot (negative control)   Neg                  \--    Neg

hResistin in immune system {#sec015}
--------------------------

We performed immunohistochemical staining of hResistin using the developed anti-hResistin antibody in normal human immune system tissues ([Table 6](#pone.0235546.t006){ref-type="table"} and [Fig 3](#pone.0235546.g003){ref-type="fig"}). In the spleen ([Fig 3A](#pone.0235546.g003){ref-type="fig"}), lymph nodes ([Fig 3B](#pone.0235546.g003){ref-type="fig"}), tonsils, and thymus ([Table 6](#pone.0235546.t006){ref-type="table"}), where the immune cells accumulate, hResistin staining signals were observed in both the extracellular compartments and the cytoplasmic granules of macrophage-like immune cells. In these immune system tissues, extracellular hResistin was located in interstitium/stroma, particularly in perivascular areas. Staining often appeared as diffuse to finely punctate material and often aligned on extracellular matrix fibers. hResistin-carrying macrophages were located in the germinal centers of spleen and tonsils and were scattered in the interstitium of lymph nodes and thymus. The expression pattern of hResistin in bone marrow ([Fig 3C](#pone.0235546.g003){ref-type="fig"}, [Table 6](#pone.0235546.t006){ref-type="table"}) was similar to that of these other immune tissues. Strong intracellular hResistin staining was also observed in the cytoplasmic granules of hematopoietic precursor cells in bone marrow.

![Representative images of hResistin expression in the immune system.\
(**A**) Human spleen tissues stained with 5 μg/mL anti-hResistin antibody. Left: anti-hResistin antibody stained cytoplasm/cytoplasmic granules in macrophages of germinal centers, whereas the same region exposed to 5 μg/mL control human IgG1 exhibited no staining. Right: anti-hResistin antibody stained the extracellular interstitium/stroma in perivascular areas, but control IgG1 did not stain any spleen tissue elements. Magnification: 400× (or higher: 600×). (**B**) Human lymph node tissues stained with 5 μg/mL anti-hResistin or control human antibodies. Magnification: 600×. (**C**) Human bone marrow tissues stained with 5 μg/mL anti-hResistin antibody or control IgG1. Magnification: 600×.](pone.0235546.g003){#pone.0235546.g003}

10.1371/journal.pone.0235546.t006

###### Immunohistochemical analysis of hResistin in tissues of the immune system.

![](pone.0235546.t006){#pone.0235546.t006g}

  Tissues/Elements                         Anti-hResistin IgG   Control human IgG1       
  ---------------------------------------- -------------------- ------------------------ -----
  Spleen                                                                                 
      Extracellular material               1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)   1--2+                Very rare                Neg
  Lymph node                                                                             
      Extracellular material               1--3+                Occasional               Neg
      Macrophages (cytoplasmic granules)   1--3+                Very rare                Neg
  Tonsil                                                                                 
      Extracellular material               1--2+                Occasional               Neg
      Macrophages (cytoplasmic granules)   1--2+                Rare                     Neg
  Thymus                                                                                 
      Extracellular material               1--2+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)   1--3+                Rare                     Neg
  Bone marrow                                                                            
      Extracellular material               1--3+                Occasional               Neg

hResistin in the cardiovascular-respiratory system {#sec016}
--------------------------------------------------

In the normal cardiothoracic and respiratory organ tissues ([Table 7](#pone.0235546.t007){ref-type="table"} and [Fig 4](#pone.0235546.g004){ref-type="fig"}), our antibody labeled secreted hResistin in the extracellular matrix of lung ([Fig 4A](#pone.0235546.g004){ref-type="fig"}) and heart ([Fig 4B](#pone.0235546.g004){ref-type="fig"}), mainly in the interstitium/stroma of perivascular areas. Staining was diffuse in these extracellular regions and aligned on extracellular matrix fibers. hResistin-positive signals were also observed intracellularly in the cytoplasmic granules of scattered macrophages in interstitium of normal lung ([Fig 4A](#pone.0235546.g004){ref-type="fig"}) and heart ([Fig 4B](#pone.0235546.g004){ref-type="fig"}). In the control IgG1-stained heart tissue, few endogenous lipofuscin pigments were observed as nonspecific background signals ([Fig 4B](#pone.0235546.g004){ref-type="fig"}). In the pulmonary tissue, alveolar macrophages were also a cellular source of hResistin ([Fig 4A](#pone.0235546.g004){ref-type="fig"}, right panels with higher magnification). hResistin-positive immune cells were rare in these thoracic organs. In human blood smears ([Fig 4C](#pone.0235546.g004){ref-type="fig"}), extracellular hResistin was present in serum. Few circulating blood cells were positive for hResistin.

![Representative images of hResistin expression in the cardiovascular-respiratory system.\
Human lung tissue (**A**), heart tissue (**B**), and blood cells (**C**) stained with 5 μg/mL anti-hResistin or control human IgG1 antibodies. Blood cells were evaluated from peripheral blood smears. Antibody staining was also observed in the extracellular serum. Magnification: 400× (or higher: 600× in A).](pone.0235546.g004){#pone.0235546.g004}

10.1371/journal.pone.0235546.t007

###### Immunohistochemical analysis of hResistin in tissues of the cardiovascular-respiratory system.

![](pone.0235546.t007){#pone.0235546.t007g}

  Tissues/Elements                         Anti-hResistin IgG   Control human IgG1       
  ---------------------------------------- -------------------- ------------------------ -----
  Heart                                                                                  
      Extracellular material               1--3+                Occasional               Neg
      Macrophages (cytoplasmic granules)   1--3+                Very rare                Neg
  Lung                                                                                   
      Extracellular material               1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)   1--3+                Very rare                Neg
  Blood cells                                                                            
      Extracellular material               1--2+                Frequent                 Neg

hResistin in the nervous system {#sec017}
-------------------------------

In addition to macrophages, neuronal cell bodies/axons in several organs were shown to produce hResistin ([Table 8](#pone.0235546.t008){ref-type="table"} and [Fig 5](#pone.0235546.g005){ref-type="fig"}). In the nervous system, hResistin was secreted into the extracellular area, especially the perivascular interstitium/stroma regions. A few axons in the cerebellum expressed hResistin ([Fig 5A](#pone.0235546.g005){ref-type="fig"}), primarily in the Purkinje cell layer and molecular layer. In cerebrum ([Fig 5B](#pone.0235546.g005){ref-type="fig"}), a few neuronal cell bodies and axons were positive for hResistin, primarily in meninges. The spinal cord had a greater number of hResistin -positive axons ([Table 8](#pone.0235546.t008){ref-type="table"}). Closer analysis revealed that these neuronal cell bodies and axons had similar subcellular expression patterns in which hResistin was limited to the cytoplasm. In the specimens of peripheral nerve ([Table 8](#pone.0235546.t008){ref-type="table"}), more than 25--50% of cells/processes associated with peripheral nerves were positive for cytoplasmic hResistin. Comparable peripheral nerve-associated cells were observed in the spinal nerve roots of spinal cord. In the peripheral nerve tissues ([Table 8](#pone.0235546.t008){ref-type="table"}), very few macrophages scattered in interstitium contained hResistin in their cytoplasmic granules.

![Representative images of hResistin expression in the nervous system.\
(**A**) Human brain cerebellum tissue stained with 5 μg/mL anti-hResistin antibody or control IgG1. Positive hResistin antibody staining was observed only rarely in the cytoplasm of axons. (**B)** Human brain cerebrum stained with 5 μg/mL anti-hResistin or control human IgG1. Cytoplasmic hResistin antibody staining of neuronal cell bodies and axons was rare. Magnification: 400×.](pone.0235546.g005){#pone.0235546.g005}

10.1371/journal.pone.0235546.t008

###### Immunohistochemical analysis of hResistin in tissues of the nervous system.

![](pone.0235546.t008){#pone.0235546.t008g}

  Tissues/Elements                                                    Anti-hResistin IgG   Control human IgG1                                        
  ------------------------------------------------------------------- -------------------- --------------------------------------------------------- -----
  Cerebellum                                                                                                                                         
      Extracellular material                                          1--2+                Occasional                                                Neg
      Axons (cytoplasm)                                               1--2+                Rare                                                      Neg
  Cerebral cortex                                                                                                                                    
      Extracellular material                                          1--2+                Occasional                                                Neg
      Neuronal cell bodies/axons (cytoplasm)                          1--2+                Rare                                                      Neg
  Spinal cord                                                                                                                                        
      Extracellular material                                          1--2+                Occasional                                                Neg
      Glial cells/processes (cytoplasm)                               1--2+                Occasional to frequent (20 μg/ml); occasional (5 μg/ml)   Neg
      Axons (cytoplasm)                                               2--3+                Occasional to frequent (20 μg/ml); occasional (5 μg/ml)   Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--3+                Occasional                                                Neg
  Peripheral nerve                                                                                                                                   
      Extracellular material                                          1--2+                Occasional                                                Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--2+                Occasional                                                Neg
      Macrophages (cytoplasmic granules)                              1--3+                Very rare                                                 Neg

hResistin in the digestive system {#sec018}
---------------------------------

In the tissues of the gastrointestinal tract and liver ([Table 9](#pone.0235546.t009){ref-type="table"} and [Fig 6](#pone.0235546.g006){ref-type="fig"}), extracellular hResistin was observed in interstitium/stroma, particularly in perivascular areas. The intracellular hResistin was detected in macrophages. These hResistin-expressing immune cells were scattered in interstitium of the small intestine, large intestine, esophagus, and stomach, or in lamina propria of the colon, as well as in clusters in liver ([Table 9](#pone.0235546.t009){ref-type="table"} and [Fig 6](#pone.0235546.g006){ref-type="fig"}). Less than 5% of observed macrophage-like myeloid cells actively expressed hResistin, and expression was limited to cytoplasmic granules of these cells in the digestive system. In stomach, 25--50% of peripheral nerve-associated cells also exhibited moderate staining by anti-hResistin antibody, and the signals were located in cytoplasm ([Fig 6A](#pone.0235546.g006){ref-type="fig"}).

![Representative images of hResistin expression in the digestive system.\
(**A**) Human stomach tissue stained with 5 μg/mL anti-hResistin antibody. Left: h-Resistin antibody staining of cytoplasmic granules was observed in macrophages scattered in interstitium, whereas no staining was observed in the same region with 5 μg/mL control human IgG1. Right: h-Resistin antibody staining was observed in the cytoplasm of peripheral nerve-associated cells/processes in the myenteric plexus. Control IgG1 produced no such staining. Magnification: 400×. (**B**) Human colon tissue stained with 5 μg/mL anti-hResistin or control human IgG1. Magnification: 200×.](pone.0235546.g006){#pone.0235546.g006}

10.1371/journal.pone.0235546.t009

###### Immunohistochemical analysis of hResistin in tissues of the digestive system.

![](pone.0235546.t009){#pone.0235546.t009g}

  Tissues/Elements                                                    Anti-hResistin IgG   Control human IgG1       
  ------------------------------------------------------------------- -------------------- ------------------------ -----
  Small intestine                                                                                                   
      Extracellular material                                          1--2+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--2+                Occasional               Neg
  Large intestine (colon)                                                                                           
      Extracellular material                                          1--2+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Esophagus                                                                                                         
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Stomach                                                                                                           
      Extracellular material                                          1--2+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--2+                Occasional               Neg
  Liver                                                                                                             
      Extracellular material                                          1--3+                Occasional               Neg
      Macrophages (cytoplasmic granules)                              1--3+                Very rare                Neg

hResistin in the urinary system {#sec019}
-------------------------------

hResistin was found in the extracellular interstitium/stroma of the kidneys, bladder, and ureters and was enriched in perivascular areas ([Table 10](#pone.0235546.t010){ref-type="table"} and [Fig 7](#pone.0235546.g007){ref-type="fig"}). We also observed hResistin staining in macrophage cytoplasmic granules in the interstitium of bladders and ureters. In the kidneys ([Fig 7](#pone.0235546.g007){ref-type="fig"}), results were slightly inconsistent. We observed some nonspecific staining of lipofuscin granules in epithelium in two of the three individual samples. The intracellular hResistin signal was strong in a few macrophages (cytoplasmic granules) in one of the three individual kidney samples, whereas it was moderate in cytoplasm of less than 5% of peripheral nerve-associated cells in another sample. Overall, hResistin was enriched mainly in the extracellular region of kidney tissue, and intracellular staining seemed to be the exception.

![Representative images of hResistin expression in the urinary system.\
Human kidney tissues were stained with 5 μg/mL anti-hResistin antibody (upper) or control IgG1 (lower). In the anti-hResistin antibody-stained tissue, extracellular positive signal was observed in interstitium/stroma perivascular areas. Anti-hResistin antibody did not stain vascular endothelium in the renal tissues. Control human IgG1 did not produce any staining in kidney tissue. Magnification: 200×.](pone.0235546.g007){#pone.0235546.g007}

10.1371/journal.pone.0235546.t010

###### Immunohistochemical analysis of hResistin in tissues of the urinary system.

![](pone.0235546.t010){#pone.0235546.t010g}

  Tissues/Elements                                                    Anti-hResistin IgG   Control human IgG1       
  ------------------------------------------------------------------- -------------------- ------------------------ -----
  Kidney (glomerulus, tubule)                                                                                       
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--2+                Rare                     Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Bladder (urinary)                                                                                                 
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Ureter                                                                                                            
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Occasional               Neg

hResistin in the reproductive system {#sec020}
------------------------------------

Similar to our findings in other tissues, we observed extracellular hResistin signals in interstitium/stroma of the reproductive system, particularly in perivascular areas ([Table 11](#pone.0235546.t011){ref-type="table"} and [Fig 8](#pone.0235546.g008){ref-type="fig"}). hResistin staining was occasionally present in cytoplasmic granules of macrophages scattered in interstitium of the uterine cervix, endometrium, fallopian tubes, prostate, and testes. No hResistin-expressing macrophages were seen in placenta or ovaries, although in one ovarian sample fewer than 1% of immune cells were positive for hResistin. Interestingly, in one of the three individual testis samples, hResistin IgG also produced moderate to strong staining of the cytoplasm and cytoplasmic granules in many mesothelial cells. Less than 5% of peripheral nerve-associated cells stained positively for hResistin in cytoplasm of that mesothelium-stained testis sample.

![Representative images of hResistin expression in the reproductive system.\
Human placenta tissues stained with 5 μg/mL anti-hResistin antibody (left) or control IgG1 (right). Positive staining of secreted hResistin protein was observed in interstitium/stroma and aligned on extracellular matrix fibers. Control antibody did not produce any positive staining in human placenta. Magnification: 200×.](pone.0235546.g008){#pone.0235546.g008}

10.1371/journal.pone.0235546.t011

###### Immunohistochemical analysis of hResistin in tissues of the reproductive system.

![](pone.0235546.t011){#pone.0235546.t011g}

  Tissues/Elements                                                    Anti-hResistin IgG   Control human IgG1       
  ------------------------------------------------------------------- -------------------- ------------------------ -----
  Uterus--cervix                                                                                                    
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Very rare                Neg
  Uterus--endometrium                                                                                               
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Very rare                Neg
  Ovary                                                                                                             
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Very rare                Neg
  Fallopian tube                                                                                                    
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Placenta                                                                                                          
      Extracellular material                                          1--3+                Occasional to frequent   Neg
  Prostate                                                                                                          
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   2--3+                Rare to occasional       Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
  Testis                                                                                                            
      Extracellular material                                          1--3+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              1--3+                Rare                     Neg
      Mesothelium (cytoplasm, cytoplasmic granules)                   2--3+                Frequent                 Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--3+                Rare                     Neg

hResistin in the endocrine system {#sec021}
---------------------------------

We detected extracellular hResistin staining in interstitium/stroma, particularly in perivascular areas, of endocrine organs including adrenal gland, pituitary gland, salivary gland, thyroid, para-thyroid, and pancreas ([Table 12](#pone.0235546.t012){ref-type="table"} and [Fig 9](#pone.0235546.g009){ref-type="fig"}). hResistin was also secreted into the colloid of the thyroid ([Table 12](#pone.0235546.t012){ref-type="table"}). Macrophages exhibiting strong hResistin signals in normal pituitary and salivary glands were very rare, less than 1%, scattered in interstitium ([Table 12](#pone.0235546.t012){ref-type="table"}). One of the three individual samples exhibited less than 5% hResistin-positive interstitium macrophages and an accumulation of positive signals in cytoplasmic granules in adrenal gland, parathyroid, and pancreas ([Table 12](#pone.0235546.t012){ref-type="table"} and [Fig 9](#pone.0235546.g009){ref-type="fig"}). In pancreas ([Fig 9](#pone.0235546.g009){ref-type="fig"}), very few (less than 1%) macrophages exhibited strong cytoplasmic hResistin staining, but 25--50% of peripheral nerve-associated cells in the pancreas showed staining for hResistin ([Fig 9](#pone.0235546.g009){ref-type="fig"}). Very little nonspecific staining was observed in these endocrine tissues, although some nonspecific staining was observed in pigment granules of the adrenal glands and some nonspecific background staining was present in epithelium cytoplasm of adenohypophysis in the pituitaries. This nonspecific staining did not hamper interpretation of the results as similar staining was not observed with the anti-hResistin antibody. The overall histologic evaluation showed a predominately secreted expression pattern for hResistin in normal human endocrine system.

![Representative images of hResistin expression in the endocrine system.\
Human pancreas tissues stained with 5 μg/mL anti-hResistin antibody (upper panels) or control IgG1 (lower panels). Left: positive staining for hResistin was located in cytoplasmic granules of very rare macrophages scattered in interstitium, and in extracellular interstitium/stroma. Right: hResistin staining was also observed in cytoplasm of occasional cells/processes associated with peripheral nerves in some areas of pancreatic tissue. These regions did not exhibit staining by control human IgG1. Magnification: 400×.](pone.0235546.g009){#pone.0235546.g009}

10.1371/journal.pone.0235546.t012

###### Immunohistochemical analysis of hResistin in tissues of the endocrine system.

![](pone.0235546.t012){#pone.0235546.t012g}

  Tissues/Elements                                                    Anti-hResistin IgG                  Control human IgG1       
  ------------------------------------------------------------------- ----------------------------------- ------------------------ --------------------------------
  Adrenal gland                                                                                                                    
      Extracellular material                                          1--3+                               Occasional to frequent   Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--3+                               Very rare                Neg
      Macrophages (cytoplasmic granules)                              1--3+ (20 μg/mL); 1--2+ (5 μg/mL)   Rare                     Neg
  Pituitary gland                                                                                                                  
      Extracellular material                                          1--3+                               Occasional               Neg
      Epithelium, adenohypophysis (cytoplasm, cytoplasmic granules)   Neg                                 \-                       1--3+ (occasional to frequent)
      Macrophages (cytoplasmic granules)                              1--3+                               Very rare                Neg
  Salivary gland                                                                                                                   
      Extracellular material                                          1--3+                               Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)                              2--3+                               Very rare                Neg
  Thyroid                                                                                                                          
      Extracellular material                                          1--2+                               Occasional to frequent   Neg
  Parathyroid                                                                                                                      
      Extracellular material                                          1--2+                               Occasional               Neg
      Macrophages (cytoplasmic granules)                              1--3+                               Rare                     Neg
  Pancreas                                                                                                                         
      Extracellular material                                          1--3+                               Occasional               Neg
      Cells/processes associated with peripheral nerves (cytoplasm)   1--3+                               Occasional               Neg
      Macrophages (cytoplasmic granules)                              1--3+                               Very rare                Neg

hResistin in integumentary/muscular/sensory systems {#sec022}
---------------------------------------------------

In the tissues of skin ([Fig 10A](#pone.0235546.g010){ref-type="fig"}) and striated muscle ([Fig 10B](#pone.0235546.g010){ref-type="fig"}), extracellular interstitium/stroma, particularly the perivascular areas, were positively stained by the anti-hResistin antibody. Staining was aligned on extracellular matrix fibers. Rarely occurring macrophages showed hResistin signals in cytoplasmic granules. In breast tissues ([Fig 10C](#pone.0235546.g010){ref-type="fig"}), hResistin had an expression pattern similar to that in skin and skeletal muscle. It was observed in extracellular matrix and in the cytoplasmic granules of scattered macrophages in interstitium of mammary glands. In eye tissue ([Fig 10D](#pone.0235546.g010){ref-type="fig"}), endogenous melanin pigments could be seen in retina, choroid, sclera, iris, ciliary body/processes, extraocular muscle, cornea, conjunctiva, and lens. Moderate extracellular hResistin signals were detected in interstitium/stroma. The hResistin staining smeared over multiple tissue elements but was particularly prominent in sclera, retina, and ciliary body. hResistin IgG also labeled less than 1% of macrophages in interstitium of conjunctiva, mainly in the subcellular cytoplasmic granules ([Table 13](#pone.0235546.t013){ref-type="table"} and [Fig 10D](#pone.0235546.g010){ref-type="fig"}).

![Representative images of hResistin expression in the integumentary/muscular/sensory systems.\
Tissues of human skin (A), striated skeletal muscle (B), mammary gland/breast (C), and eyes (D) were stained with 5 μg/mL anti-hResistin antibody or control human IgG1. Magnification: 200× (A, B, and D) or 400× (C).](pone.0235546.g010){#pone.0235546.g010}

10.1371/journal.pone.0235546.t013

###### Immunohistochemical analysis of hResistin in tissues of the integumentary/muscular/sensory systems.

![](pone.0235546.t013){#pone.0235546.t013g}

  Tissues/Elements                         Anti-hResistin IgG   Control human IgG1       
  ---------------------------------------- -------------------- ------------------------ -----
  Striated muscle (skeletal)                                                             
      Extracellular material               1--3+                Occasional               Neg
      Macrophages (cytoplasmic granules)   1--3+                Very rare                Neg
  Skin                                                                                   
      Extracellular material               1--3+                Occasional               Neg
      Macrophages (cytoplasmic granules)   2--3+                Very rare                Neg
  Breast                                                                                 
      Extracellular material               1--2+                Occasional               Neg
      Macrophages (cytoplasmic granules)   1--3+                Rare                     Neg
  Eye                                                                                    
      Extracellular material               1--2+                Occasional to frequent   Neg
      Macrophages (cytoplasmic granules)   1--3+                very rare                Neg

Overall distribution mapping of hResistin protein expression in human tissues {#sec023}
-----------------------------------------------------------------------------

We summarize the overall body map of hResistin distribution in normal human tissues by a schematic illustration in [Fig 11](#pone.0235546.g011){ref-type="fig"}. Comprehensive evaluation with hResistin IgG revealed that macrophages scattered in interstitium are the main cell type to produce hResistin. Hematopoietic precursor cells, an immune cell population in bone marrow, also secrete hResistin. Neuronal cells are a third cellular source of hResistin. Neuronal cells, axons, and glial cells in brain and/or spinal cord, as well as peripheral nerve-associated cells in the organs of digestive, urinary/reproductive, nervous, and endocrine systems were positive for hResistin. hResistin was localized to the cytoplasm of all the hResistin-expressing cells. We observed no cell membrane staining. Extracellular regions in most normal human tissues were also positive for hResistin, reflecting the binding of the antibody to secreted and circulating hResistin.

![Global analysis of hResistin expression in normal human organ tissues.\
(**A**) Color coding (from cold \[blue\] to warm \[red\]) designates the positive intensity and frequency of anti-hResistin antibody staining. For the analysis of intracellular hResistin distribution, solid color-filled areas indicate the presence of hResistin-producing macrophages, whereas the pattern denotes hResistin-expressing peripheral nerve-associated cells, neuronal cells, or axons in the tissues. (**B** and **C**) Global mapping of the expression and distribution of extracellular (B) and intracellular (C) hResistin in normal human tissues.](pone.0235546.g011){#pone.0235546.g011}

Discussion {#sec024}
==========

In this study, we characterized hResistin expression across normal human tissues using a newly developed monoclonal antibody. Given the complexity and difficulty of choosing the appropriate antibodies for labelling RELM proteins \[[@pone.0235546.ref006]\], generating a specific anti-hResistin antibody as a reliable and specific detecting tool was crucial for this study. Our antibody explicitly detects hResistin protein, as evident from its immunoreactivity in a panel of normal human tissues. Moreover, our results from several positive, negative, and assay controls in the panel of human tissues clearly portrayed the specificity of our antibody with no nonspecific cross reactivity.

We used immunohistochemistry to evaluate hResistin expression because it enabled us to determine the proportion of cells exhibiting hResistin, the protein's intracellular and extracellular localization, and the level and pattern of expression in human tissues \[[@pone.0235546.ref031], [@pone.0235546.ref032]\]. hResistin has been linked to human inflammatory diseases in multiple organ systems, including endotoxemia, sepsis, rheumatoid arthritis, and inflammatory bowel disease \[[@pone.0235546.ref033], [@pone.0235546.ref034]\]. Studies of the contribution of this cytokine to the pathogenesis of cardiovascular diseases, especially human PAH, are beginning to expand rapidly. hResistin is thus emerging as a potential biomarker and therapeutic target for cardiothoracic diseases. As reported, hResistin is frequently upregulated under pathological states \[[@pone.0235546.ref005], [@pone.0235546.ref035]\], suggesting that successful targeting of this protein to treat PAH is likely to prove highly specific and to have few side effects. Hence, we developed therapeutic antibodies against hResistin and evaluated their effectiveness and initial feasibility for human use by using preclinical *in vitro* and *in vivo* models \[[@pone.0235546.ref019]\]. Using this antibody, we further provide documentation of hResistin's expression pattern in healthy human organs. The data provided will contribute to our understanding of the normal function of this protein and to interpretation of its altered expression in human vascular inflammation-related diseases.

In the human tissue panel tested, we observed no cell membrane staining. The main cellular sources of hResistin were macrophages, although these immune cells were uncommon in healthy tissues. hResistin IgG produced strong staining in cytoplasmic granules of the macrophages, which were primarily scattered in the interstitium of most tissues. hResistin-expressing macrophages were highly present in immune system tissue, including spleen and lymph nodes, in line with a previous report in the literature \[[@pone.0235546.ref006]\]. Hematopoietic precursor cells in bone marrow also were positive for hResistin, further validating the interaction between hResistin and stem/progenitor cells that we have previously reported \[[@pone.0235546.ref020], [@pone.0235546.ref036]\]. Interestingly, neuronal cell bodies/axons in brain and spinal cord, as well as a few peripheral nerve-associated cells in the gastrointestinal tract, endocrine system, and renal/reproductive system also produced hResistin. Under neuropathologic conditions, hResistin has been shown to inhibit mitochondrial biogenesis of human neuronal cells *in vitro* by suppressing PGC-1α and AMPK pathways \[[@pone.0235546.ref037]\]. Secreted hResistin also has been found in human cerebrospinal fluid (CSF). In healthy individuals, CSF hResistin is generally low, but various neurologic diseases can elevate its expression. Hence, CSF-derived hResistin might represent an inflammatory marker of these diseases \[[@pone.0235546.ref038], [@pone.0235546.ref039]\]. Of note, our anti-hResistin antibody also stained extracellular hResistin in most human tissues and the circulating hResistin in serum of human blood smears. The fact that hResistin is secreted makes it easily accessible to antibodies in the circulation. Hence it could be used as a target for therapy similar to other cytokines and chemokines. As a cytokine/chemokine-like protein, hResistin has multiple potential receptors, but its main receptor(s) remains unidentified. Therefore, direct targeting of a receptor is not an option at this time, supporting the rationale for using monoclonal antibody-based therapy.

Our tissue cross-reactivity study is also required for the further development of a therapeutic anti-hResistin antibody. According to FDA and EMA suggestions, monoclonal antibodies should be assessed for binding to target and possible non-target human tissues. The *in vitro* evaluation of cross reactivity in tissue specimens may identify potential tissue sites or organ systems that should be evaluated more thoroughly in subsequent preclinical studies to provide support for the possible future use of hResistin IgG in humans. The β2-microglobulin staining data qualified the human tissue sections for cross-reactivity evaluation. The rationale was to demonstrate that these cryosections express epitopes that can be detected by immunohistochemical staining and to indicate overall tissue suitability for testing. These cross-reactivity data will help to establish patterns of on- and off-target tissue binding and form the basis for further toxicology/safety and pharmacokinetic studies for this antibody in humans. The results indicated that binding of our monoclonal antibody to cytoplasmic sites generally has little to no toxicologic significance, as antibody drugs are unable to access the cytoplasmic compartment *in vivo* \[[@pone.0235546.ref040]\]. The toxicologic significance of the extracellular binding is still unclear and requires further study.

Our study had several limitations. First, the main cellular source of hResistin was macrophage-like immune cells. Co-localization studies with specific macrophage/monocyte marker(s) are needed to confirm the hResistin-expressing macrophages in normal human tissues. Second, although it is unlikely, we cannot exclude the possibility that some of the hResistin-positive cells may be hResistin-binding rather than hResistin-producing immune cells. Fluorescence *in situ* hybridization (FISH) negative staining for hResistin mRNA (hRETN) in tissues would help to distinguish the hResistin-targeted cells from the hResistin-producing cells. In addition, the "normal condition" in our study is not absolute, as a small amount of hypoxia may be present in the tissues collected from autopsy specimens that might also cause slight recruitment of hResistin-positive macrophages and secretion of the extracellular hResistin. Future studies with tissues from other sources may help to address this limitation.

In sum, our study, which used a newly produced anti-hResistin antibody, defined the basal protein expression of hResistin in normal human tissues and provided a foundation for the recognition and interpretation of changes in these patterns that may be associated with disease states. Widespread tissue distribution of hResistin indicates a natural biological function for this inflammatory cytokine and suggests an intriguing complexity of hResistin-associated pathologies given the involvement of multiple related body systems. Under pathologic conditions, hResistin is likely to be regulated spatially in a cell type- and tissue-specific manner. Each tissue or cell type may also display a unique physiologic response to hResistin. Thus, in future projects, the involvement of hResistin in specific disorders needs to be clarified in each specific tissue. The anti-hResistin antibody that we developed as a histologic immunolabeling tool for the study of human tissues may be applicable to such studies. Additional research is needed to address whether this tool can be applied to other assays such as western blotting or ELISA for quantitative hResistin expression analysis in humans.

Supporting information {#sec025}
======================

###### Immunopathology evaluation: Cross reactivity of hResistin IgG with normal human tissues.

(PDF)

###### 

Click here for additional data file.

###### 

(PDF)

###### 

Click here for additional data file.

We thank Claire F. Levine, MS, ELS, for editing this article in manuscript form. We also would like to thank all of our collaborators and contractors for their indispensable efforts and contributions in the development of the monoclonal anti-hResistin antibody.

10.1371/journal.pone.0235546.r001

Decision Letter 0

Rishi

Arun

Academic Editor

© 2020 Arun Rishi

2020

Arun Rishi

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

24 Mar 2020

PONE-D-20-02185

Systemic evaluation and localization of resistin expression in normal human tissues by a newly developed monoclonal antibody

PLOS ONE

Dear Dr. Johns,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by May 08 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Arun Rishi, Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Thank you for including your ethics statement: 

\"Before the start of this research, the "Ethics Committee Approval for the Use of Human

Tissues in Tissue Cross-Reactivity Studies" was obtained. Documentation of informed

consent was required by this statement indicating that "informed consent shall be

documented by the use of a written consent form approved by the IRB and signed by

the subject or the subject\'s legally authorized representative, and a copy shall be given

to the person signing the form".

Once you have amended this statement in the Methods section of the manuscript, please add the same text to the "Ethics Statement" field of the submission form (via "Edit Submission").

For additional information about PLOS ONE ethical requirements for human subjects research, please refer to <http://journals.plos.org/plosone/s/submission-guidelines#loc-human-subjects-research>.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

5\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

6\. Thank you for stating the following in the Financial Disclosure section:

\"This work was supported by National Institutes of Health (NIH) Centers for Advanced

Diagnostics and Experimental Therapeutics in Lung Diseases (CADET) Grant NHLBI

5UH2HL123827 (PI: R.A.J).\"

We note that one or more of the authors are employed by a commercial company: \"Charles River Laboratories, Inc.\"

a\) Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

b\) Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc. 

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to  PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and  there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: <http://journals.plos.org/plosone/s/competing-interests>

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thank you for inviting me to review this manuscript. The authors are to be commended on performing a rigorous study of the distribution of human resistin in human tissues and for presenting the results in an intelligible and well-organized fashion. The manuscript is sound. I have a couple of minor comments, relating to the methodology:

-the authors should explain why they selected the antibodies used for testing (p4, l.65-67), or provide relevant references.

-the authors should explain the non-linear grading system used in table 4 (i.e. frequencies of \<25% can fall within one of 3 frequency categories - very rare, rare or rare to occasional - whereas each subsequent frequency is a denomination of 25%. How and why did they select the cutoffs? Is there a supporting reference?

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Anthony Bonavia

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Point-by-point responses to:

Academic Editor's Comments for Journal Requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response: We thank the editor for this reminder. With kind help from Ms. Claire Levine, MS, ELS, who is the scientific editor in our department (Anesthesiology and Critical Care Medicine, Johns Hopkins University), the manuscript has been formatted to meet PLOS ONE\'s style requirements including the file naming.

2\. Thank you for including your ethics statement:

\"Before the start of this research, the "Ethics Committee Approval for the Use of Human Tissues in Tissue Cross-Reactivity Studies" was obtained. Documentation of informed consent was required by this statement indicating that "informed consent shall be documented by the use of a written consent form approved by the IRB and signed by the subject or the subject\'s legally authorized representative, and a copy shall be given

to the person signing the form".

Once you have amended this statement in the Methods section of the manuscript, please add the same text to the "Ethics Statement" field of the submission form (via "Edit Submission").

For additional information about PLOS ONE ethical requirements for human subjects research, please refer to <http://journals.plos.org/plosone/s/submission-guidelines#loc-human-subjects-research>.

Response: We greatly appreciate the editor's advice. We have amended the statement accordingly in the Methods section of the revised manuscript (pages 6: lines 94 to 99). We also made the same changes to "Ethics Statement" field of the submission form.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

3-a) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

3-b) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

Response: We thank the editor for these instructions. We are sorry for any misunderstanding that our previous description might have caused, as actually all data underlying the findings had been presented in the originally submitted manuscript, which we believe met requirements of the PLOS-defined "minimal data set." However, to further strengthen our findings, in the revised manuscript we provide the entire immunopathology evaluation used to determine cross reactivity of the anti-hResistin antibody with normal human tissues as supporting information (S1 Table). Now "all relevant data are within the revised paper and its supporting information files," as we stated in the submission form and in revised manuscript (page 36). We also adjusted the related text description in the Methods section (page 11: lines 199 to 201) and addressed this concern in the revised cover letter.

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

Response: The S1 Table provided as a Supporting Information file in the revised manuscript contains data to support these findings. We accordingly added a citation (S1 Table) to replace the "data not shown" in the revised manuscript (page 14: line 240).

5\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

Response: The corresponding author, Dr. Roger A. Johns, has a pre-existing ORCID: "0000-0001-9232-2434". It has been updated in the submission system.

6\. Thank you for stating the following in the Financial Disclosure section:

\"This work was supported by National Institutes of Health (NIH) Centers for Advanced

Diagnostics and Experimental Therapeutics in Lung Diseases (CADET) Grant NHLBI

5UH2HL123827 (PI: R.A.J).\"

We note that one or more of the authors are employed by a commercial company: \"Charles River Laboratories, Inc.\"

6-a) Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

6-b) Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: <http://journals.plos.org/plosone/s/competing-interests>

Response: We thank the editor for pointing out this matter. In the revised manuscript, we have amended the Funding Statement to clarify the role of Charles River Laboratories, Inc. in this study (page 35: lines 558 to 562). Charles River Laboratories, Inc. is not a funder. It is a contract research organization that performed the immunopathological study for determining the cross reactivity of anti-hResistin antibody in normal human tissues. The co-author Dr. Shari A. Price is an employee of Charles River Laboratories, Inc. The specific roles of these authors are articulated in the "author contributions" section (page 37) in the revised manuscript.

As advised, the Competing Interests Statement also has been updated in the revised manuscript (page 36). In addition to the clarification of the role of Charles River Laboratories, Inc., we also declared that Dr. Roger A. Johns has US (US 2016/0130341 A1) and international (WO 2014/204941 A1) patent applications pending for the monoclonal antibody developed against human resistin to cover pulmonary, cardiac, and other related inflammatory disorders. We confirmed that "This does not alter our adherence to PLOS ONE policies on sharing data and materials" at the end of the Competing Interests Statement.

Both the updated Funding Statement and Competing Interests Statement have been included in the revised cover letter. We understand that all of these amendments are required by PLOS ONE policy.

Point-by-point responses to:

Reviewer's Comments:

Reviewer \#1: Thank you for inviting me to review this manuscript. The authors are to be commended on performing a rigorous study of the distribution of human resistin in human tissues and for presenting the results in an intelligible and well-organized fashion. The manuscript is sound. I have a couple of minor comments, relating to the methodology:

Response: We greatly appreciate the reviewer's general comments, and have addressed specific comments in a point-by-point manner as follows.

-the authors should explain why they selected the antibodies used for testing (p4, l.65-67), or provide relevant references.

Response: In our previous studies, we showed that the resistin-like molecule (RELM) α exhibited pro-proliferative effects through Akt phosphorylation on rodent pulmonary smooth muscle cells (Circ Res. 2003, PMID: 12714564) and human mesenchymal stem cells (Stem Cells Dev. 2013, PMID: 22891677). Similarly we had found that both RELMα and its human homolog resistin (hResistin) also could induce Akt phosphorylation in mouse embryonic fibroblast (adipocyte precursor) 3T3-L1 cells. Thus Akt phosphorylation has been employed as an indicator for validating the functional activities of RELMα and hResistin that were produced and purified by our laboratory (J Immunol. 2019, PMID: 31611261). Relevant references are provided in the revised manuscript to support the methodology (page 5: line 70; references: 2, 18 and 20).

-the authors should explain the non-linear grading system used in table 4 (i.e. frequencies of \<25% can fall within one of 3 frequency categories - very rare, rare or rare to occasional - whereas each subsequent frequency is a denomination of 25%. How and why did they select the cutoffs? Is there a supporting reference?

Response: We thank the reviewer for pointing out this matter. The staining frequency scales in Table 4 were based on the literature-reported IHC quantitative approaches and resistin biology. Human resistin is mainly produced by macrophages (BBRC. 2003, PMID: 12504108), and as a secretory cytokine, it has both intracellular and extracellular localization. Thus, we specifically referred to the established IHC scoring systems used to analyze targeted proteins with a similar expression pattern. The scores dichotomized at the 25% cutoff point as rare vs. variable/occasional are well-accepted for measuring the percent of cells and area positively stained by IHC (Diagn Pathol. 2014, PMID: 25432701; J Biomed Mater Res A. 2014, PMID: 23765602; PLoS One. 2014, PMID: 24802416). Those tissue elements with \>25% positive resistin staining were proposed to comprise the majority of extracellularly secreted protein, whereas those with \<25% positive levels were considered to have predominately intracellular expression (J Biomed Mater Res A. 2014, PMID: 23765602). In the above-listed references, sample denominations of 25% (i.e., 50%, 75%, and 100) were used for staining with \>25% frequency. For those tissues with a rare level of resistin signal (\<25%), we chose 1% and 5% as cut-points based on the established quantification specific for intracellular staining evaluation (Diagn Pathol. 2014, PMID: 25432701; J Clin Pathol. 1995, PMID: 7490328; Mod Pathol. 1998, PMID: 9504686). It has been difficult to find published data on the ratio of resistin-positive cells/total cells in normal human tissues. As a human homolog of rodent RELMα and an M2 macrophage marker (as discussed in page 3, line 33 with reference-10 in the revised manuscript), human resistin is likely also expressed by M2-like macrophage subsets. According to the literature, in virtually all adult mammal tissues, resident macrophages could represent up to 10% of the total cell number in quiescent conditions (Front Immunol. 2014, PMID: 25368618). The ratio of human M1 and M2 macrophages remains in a 1:1 balance under normal conditions (Exp Ther Med. 2018, PMID: 30546406). Therefore, the resistin-positive cells are likely less than 5% in normal human tissues. The resistin expression in human lung could serve as a clue because it has been implicated in pulmonary diseases (J Immunol. 2019, PMID: 31611261). In noncancerous transplanted human lungs (Sci Transl Med. 2019, PMID: 30760579), the M2-like macrophage frequency among all nucleated cells was approximately 1% to 5%, which was concordant with the detected resistin-positive macrophage-like cells in human transplanted lungs without pulmonary hypertension in our previous study (J Immunol. 2019, PMID: 31611261). Moreover, we originally had planned that these proposed scales might be modified at our expert pathologists' discretion to better reflect the staining frequency seen during evaluation. Subsequently, the results (presented in this manuscript) turned out to strengthen the evidence for using this nonlinear grading system as an appropriate tool for resistin expression analysis. Collectively, we believe that this information could theoretically and practically support the proposed cutoffs set up as the scales in Table 4. In the revised manuscript, we added a brief discussion to clarify the rationale for this IHC quantitative approach (page 11: lines 194 to 198). Related supporting references (\# 24-30) are also provided.
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Systemic evaluation and localization of resistin expression in normal human tissues by a newly developed monoclonal antibody

PONE-D-20-02185R1

Dear Dr. Johns,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Arun Rishi, Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No
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PONE-D-20-02185R1

Systemic evaluation and localization of resistin expression in normal human tissues by a newly developed monoclonal antibody

Dear Dr. Johns:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof Arun Rishi

Academic Editor
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